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THE INFLUENCE OF IMPORTANT FACTORS
ON THE DISTRIBUTION OF HEAT FLOWS
IN ELEMENTS OF DRUM BRAKES OF VEHICLES

Summary. The movement of motor vehicles at high speeds is impossible without a braking
system capable of ensuring high braking efficiency. It has been established that the most unstable
link of the braking system is the brake mechanism, since from the energy point of view, braking with
friction brakes is the process of converting part of the mechanical energy of the motor vehicle into
heat.

Braking is a long process during which many counterbody parameters change, in particular,
thermophysical parameters due to temperature changes, friction coefficient, etc.

If, under these circumstances, the surface and volume temperatures exceed the permissible
values, then the frictional properties of the friction pairs and the conditions of the interaction of the
parts change, which leads to a change in the characteristics of the brake mechanisms and the brake
system as a whole. The standards of most countries and international prescriptions regulate braking
performance meters not only for one-time emergency braking with cold brakes but also for
emergency braking performed after the conversion of a given amount of energy into heat during a
given time. It was found that the preservation of the necessary braking efficiency after the
conversion of a given amount of energy into heat will be ensured only if the braking system has
sufficient energy capacity.

The object of the research is the distribution of heat flows in the elements of the brake
mechanism, which determine the critical temperature of the friction surfaces. It was established that
F. Charron's formula cannot correctly estimate such a distribution due to taking into account only
the thermophysical properties of materials of friction pairs. It is shown that the influence of the
design parameters of the brake and its modes of operation on the distribution of heat flows in the
drum brake of a motor vehicle can also be estimated on grid thermal models with the involvement of
the “Fourier-2xyz” software complex.

Keywords: motor vehicle, drum brake mechanism, test modes I, heat flow distribution
coefficient, thermal model.

1. INTRODUCTION

In conditions of intensive vehicular traffic in various road conditions (plains and mountain roads),
the energy load of brake systems and transmission elements differs sharply [1-3]. Therefore, such a
condition requires a comprehensive study to improve the design and increase operation efficiency [4-6].

The experience of operating motor vehicles shows that their reliability and driving safety depends on
the thermal stress of braking mechanisms, which in turn is determined by the energy load of the braking
system. One of the most loaded modes of the brakes is the cyclic mode of their operation, which is typical
for the operation of automatic transmission in urban conditions [7, 8]. Therefore, it is no coincidence that
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the international method of checking the effectiveness of vehicles® brakes also includes repeated short-term
braking (test I) [9].

When determining the thermal state of friction pairs of brake mechanisms, it is assumed that for a set
combination of counterbodies, the coefficient of distribution of heat flows in the brake is constant, since
only their thermophysical parameters are taken into account. But recent research on disc brake mechanisms
has shown [10] that this coefficient is variable, if we also consider the influence of the design and
operational parameters of the brakes. Therefore, the question of a similar study regarding drum brakes of
vehicles has become relevant.

2. RESEARCH STATEMENT
The study aims to identify the regularity of the change in the heat flow distribution coefficient in the
car's drum brake elements.
The following tasks should be solved to achieve this goal, depending on its structural and operating
parameters:
— creation of a thermal grid model of the brake mechanism of the front wheel of the vehicles;
— simulation of test mode I of brake mechanisms of vehicles in the software environment “Fourier-
2Xyz”;
— determination of patterns of influence of design and mode parameters of drum brakes on the
flow distribution coefficient in its elements;
— creation of practical recommendations for taking into account research results.

3. THERMAL MODEL OF A DRUM BRAKE

The distribution of temperature in space and time in brake mechanisms in the presence of internal
heat sources and the independence of thermophysical coefficients from temperature is described by the
nonlinear equation of thermal conductivity [11]:

%{l(x,y,z,T)g—i:‘ +i|:l(x,y,z,7')g—jj +%|:Z(x,y,z,7')%:‘ +0= cp(x,y,z,T)%, (1)
where x, y, z — current coordinates; A(x, y, z) — thermal conductivity coefficient; 77 — temperature;
O(x, y, z) — heat flow density; with-p(x, y, z) — volumetric heat capacity;t — time.

In addition to the basic equation, the mathematical model of the phenomenon of thermal
conductivity should also descript the initial distribution of temperatures and ratios indicating the nature,
magnitude and place of application of extreme thermal influences [11]. The latter takes place on the
surfaces of the brake friction pairs, where the generated energy is absorbed at the test modes (limit
conditions of the 2nd kind) and their outer surfaces, which are evaluated by heat transfer coefficients (limit
conditions of the 3rd kind).

In particular, for the vehicle category Mj, the preliminary test stage I is characterized by 20 braking
cycles from a speed of V| = 60 km/h to V, = 30 km/h. At the same time, the energy absorbed by the brakes
is [12]:

E, =20-G,-(V} —V?)/(2-3.6")=2083-G,, Q)
where G, is the mass of vehicle, kg; V| and V, are regulated by speed regulations, km/h.

In general, the heat transfer coefficient a depends on the shape and dimensions of the cooled surface,
speed, temperature and thermophysical properties of the cooling medium, body temperature, and other
factors [10], which is difficult to determine. Therefore, the values of a for brakes given in the literature and
obtained analytically are characterized by significant discrepancies. The most reliable is to obtain values of
o by solving the inverse problem of thermal conductivity [13] by mathematical modeling based on the
results of full-scale tests of vehicle brakes, where the average value of a = 34.8 W/m”degr [10].

Since this goal concerns non-stationary contact thermal problems in regions of non-classical shape
under heterogeneous boundaries and complex initial conditions, it does not have an exact analytical solution.
Therefore, in engineering practice, along with the experiment, approximate ones are used analytical and,
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especially, numerical methods, which have turned into a
powerful mathematical apparatus for solving field theory
problems.

Given this circumstance, the development of three-
dimensional models of brake mechanisms is a significant drum
step forward [10], the advantage of which was the
possibility of simultaneous investigation of temperature
fields in the drum or disk, lining or pad of the mechanism.

The calculation module [10], created based on the pad
software package, was used to solve Equation (1).
“Fourier-2xyz”, which allows solving two-dimensional and
three-dimensional problems of heat transfer in dialog
mode and obtaining results in a convenient and visual
form for use.
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For this, the sector of the drum brake is modeled on Fig. 1. Sector of the mesh model
the finite-difference grid (Fig. 1) according to the Z of the drum brake mechanism
coordinate, which makes it possible to solve the volumetric of the BOGDAN A091 bus

problem according to the mentioned method [14].

4. SIMULATION OF THE EFFECT OF IMPORTANT FACTORS
ON THE COEFFICIENT OF DISTRIBUTION OF HEAT FLOWS IN A DRUM BRAKE
As mentioned above, an important characteristic that determines the temperature regime of the brake
mechanism is the coefficient of heat flow distribution which is the ratio of the heat flow entering the

studied element O, to the total amount of heat generated in the friction pair ZQ , 1.e.

mzﬁ (3)

Parts of friction pairs are made of materials that differ significantly by thermophysical properties
(Table 1).

Table 1
Thermophysical characteristics of drum brake elements [15]
Units of Value
Parameters -
measurement asbestos polymer overlays cast iron drum
1. Density g/em’ 2-25 7.3
2. Specific heat capacity kJ/kg degrees 0.88-1.17 0.5
3. Thermal conductivity W/m degree 0.4-0.52 29

Therefore, as a rule, the coefficient of distribution of heat flows m is determined considering the
thermophysical characteristics of friction pairs according to the formula of F. Charron [10]:

Jhar +her, )
where m is the heat flow distribution coefficient; A,c,y — thermophysical properties of materials
(1-drum, 2 — lining).

m=

Having analyzed F. Charron's formula, we should assume that for this combination of brake
mechanism materials, the coefficient of heat flow distribution is constant, which is highly doubtful.
Therefore, to study the influence of various factors on the coefficient of distribution of heat flows during
tests of type I by the method of sequential braking, studies on the thermal models, which are described
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below, were carried out. The analysis of the curves (Fig. 2), constructed based on the results of the study of
the first, sixth and twentieth braking, shows that the brake drum is mainly a heat accumulator.
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Fig. 2. Temperature change of elements of the front brake mechanism of the BOGDAN A091 bus during tests I:
a — Ist cycle; b— 20th cycle, I — brake drum, Il — overlay, Il — side wall of the drum; 1 and 7 — friction surfaces;
2,3,4,5 and 6 — respectively at a distance of 1.5 mm, 4.5 mm, 10.5 mm, and 12 mm from the friction surface; 8 and 9 —
respectively at a distance of 2.1 mm and 6.4 mm from the friction surface; 10 — the middle of the side wall of the drum

m At the moment of braking, the friction
surface of the drum and the pad have almost the
same temperature (see Fig. 2, curves 1 and 7),
but during cooling after 3-5 seconds, they
significantly differ. Such a difference in the flow
of temperature change curves during cooling
down is explained by a significant difference in
the amount of heat accumulated. The simulation
348 69.6 1044 1392 aW/m'degr results (Fig. 3) show that with the same relative
increase in the coefficient of heat transfer from

Fig. 3. Dependence of the coefficient the drum and lining, the coefficient of heat flow

of heat flow distribution on the heat transfer distribution changes insignificantly. If you

coefficient (test I, 0=251.2 kJ): intensify the heat removal only from 34.8
11— % , = 1.43 = const; 2 — according to F. W/m’degr to 174 W/m’degr, then the amount of

heat perceived by the overlay decreases by
approximately 45 %.

A comparison of the results of studies
(Fig. 3, curve 1) carried out under nominal
conditions with the results of calculations carried out according to formula (4) (Fig. 3, curve 2) shows that
the coefficient of heat flow distribution for o = 34.8 W/m’degr exceeds the value by 27 %, and for a = 174
W/m’degr — by 10-12 %.

It is also interesting to investigate the change in the coefficient of distribution of heat flows
depending on the amount of heat released and the thickness of the drum wall. According to the simulation
results presented in Fig. 4, with an increase in the thickness of the drum wall, the amount of heat perceived
by the lining; and the coefficient of distribution of heat flows decrease. In particular, an increase in wall
thickness from 6 mm to 13 mm causes, other things being equal, a decrease in the amount of heat
accumulated by the overlay by 60—65 %.

A decrease in the coefficient of distribution of heat flows is also observed with an increase in the
amount of generated heat (see Fig. 4). It can be explained by the fact that as Q increases, the role of the
side wall of the drum increases and it begins to affect the distribution of heat flows in the same way as an
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Charron's formula; 3 — o' = 24.4 W/in’
degr = const, a = var
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increase in the thickness of the drum wall. Simultaneously with the increase in the mass in which the
generated heat is distributed, the heat transfer surface of the drum increases due to the heat dissipating

surface of the side wall. At the same time, the product « - F increases with a constant value a'-F, .
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Fig. 4. Dependence of the heat flow distribution coefficient
on h and Q during tests I: 1. a = 34.8 W/m’degr; 2. a = 174 W/m’degrees;
—u—h=0.013m; —A—h=0.01m; —e— h=0.006m;

A distinctive feature of the repeated short-term operation mode of the brake mechanism, which
affects the distribution of heat flows between the parts of the friction pairs, is that in this case, the heating
and cooling processes alternate. During cooling down, the generated heat is distributed in the masses of the
parts and is partially discharged into the environment. The distribution of the heat generated during each
subsequent braking will depend on the average capacitive temperatures of elements at the end of the
previous “braking-acceleration” cycle. Therefore, it can be assumed that the heat flow distribution
coefficient will change from cycle to another.

The obtained results allow us to state that when solving specific engineering problems, it is necessary to
pre-estimate the coefficient m, which allows us to predict the surface and capacitive temperatures of
friction pairs more accurately.

5. CONCLUSIONS

1. We have established the inability of F. Charron's formula to estimate the distribution of heat
flows in the elements of the drum brake correctly because of considering only the
thermophysical parameters of the materials of the friction pairs.

2. A finite-difference grid model of the drum brake was created in the “Fourier-2xyz” software
environment, which allowed obtaining the flow of temperature curves of heating and cooling of
its counterbodies during tests I of the bus BOGDAN A091.

3. Modeling of the process made it possible to obtain the nature of the influence of the heat transfer
coefficient, the thickness of the walls of the counterbodies and the intensity of heat release in
friction pairs on the coefficient of distribution of heat flow in the elements of the drum brake
during the vehicle tests.

4. The results obtained should be considered during the design of braking mechanisms and the
preliminary assessment of the heat flow distribution coefficient in them, which depends on the
surface and capacitive temperatures of friction pairs, which determine the effectiveness of
vehicle braking.
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BIIVIUB BATOMUX YNHHUKIB HA PO3IIOAIJI TEIIVIOBUX ITIOTOKIB
B EJIEMEHTAX BAPABAHHUX I'AJIBM TPAHCIIOPTHUX 3ACOBIB

Anomauia. 3azuaueno, wo pyx agmMOMpPAHCNOPMHUX 3AC00I8 HA 3HAYHUX UWBUOKOCHISX
HeMOMNCIUBUU O3 2aNbMIBHOT cucmemu, 30amHoi 3abe3nedumu 8UCOKY epeKmuUGHICING 2albMYBaAHHS.
Bcmanogneno, wjo Hatibinbw HeCMilikoio JAHKOIO 2ANbMIGHOT CUCMEMU € 2aTbMOGULL MEXAHI3M,
OCKIIbKU 3 €HePeemuyHOi MouKy 30py 2albMY6AHHS (PUKYITIHUMU 2aTbMAMU CIAHOSUMb NPOYyec
nepemeopents y menio YacmuHy MexaniyHoi eHepeii agmompancnopmuozo 3acooy.

Tanvmysanns — enacte mpuganuil npoyec, YRPooo8;C SIKO20 3MIHIOIOMbCs bazamo napamen-
pi6 KOHmMpmin, 30Kkpema, meniopizudri napamempu 6HACIIO0K MEMNEePamypHux 3min, Koe@iyicum
mepmsi mowo.

Axwo 3a yux obcmaeun noeepxHesi ma 00 €MHI memnepamypu nepesuuyyioms 0OnyCcmumi
SHAUEHHS,, MO 3MIHIOIOMbCS PPUKYILHI GIACMUBOCTT Nap mepms i yMo8u 63aemoolii demanei, o
00YyMOBTIOE 3MIHY XAPAKMEPUCMUK 2ATbMOGUX MEXAHI3MIE A 2anbMIGHOI cucmemu 3a2aiom.
Cmanoapmamu 6invuwiocmi Kpain ma MIdCHAPOOHUMU NPUNUCAMU DESTAMEHMOBAHO GUMIDHUKU
2aNbMIBHUX 61ACMUBOCHEl He MINbKU 3a O0OHOPA308UX EKCMPEHUX 2albMY8aAHb XO0N0OHUMU
eanbmamu, ane i 3a eKCMpeHux 2aibMy8amb, W0 30IUCHIOIOMbCS NICAsl NePemeopeHts 6 Menio
3a0aHOi Kiibkocmi enepeil enpooosic 3a0ano2o yacy. 3’scoeano, wo 30epedicenHss HeoOXiOHOT
ehekmuerHoCcmi  2anbMy8aHHsL NIC/ISI NEPEMBOPEHHsT Y Menio 3a0anoi Kinbkocmi euepeii 6yoe
3abe3neyeno auue y GUNaoKy, KO 2aibMi6Ha cucmema 80100i€ 00CMAMHbOIO eHEP2OEMHICIIO.

06’ exkmom 00CnidNHCeHHsL € PO3NOOIT MENIOBUX NOMOKIE 8 e1eMEHMAX 2aTbMOBO20 MEXAHIZMY,
AKI GU3HAYAIOMb KPUMUYHY MeMNepamypy Ho8epxoHb mepms. Bcmanoeneno wnecnpomodicHicmo
Gopmynu @. [llappona kopekmuo oyiHumu maxuti po3nooin yepe3 8paxysanus milbKu meniogizuy-
HUX enacmueocmeti mamepianie nap mepms. Iloxazano, wo Ha CiMKOBUX MENN08UX MOOENAX i3
3ANYUEHHAM NPOSPaMHO20 Komniaekcy ‘“‘@yp’e-2xyz” MOJCHA MAKOXMC OYIHUMU BNIUE KOHCHPY-
KIMUBHUX NAPAMEMPIE 2albMa A Pedlcumie 11020 pobomu Ha po3nodil Meniosux NOmokKie y 6a-
PAbaAnHOMY 2aTbMI ABMOMPAHCROPMHOO 3ACO0Y.

Knrouosi cnosa: asmompancnopmuutl 3acio, 6apabanHuil 2aibMOSULL MEXAHI3M, PEeNCUMU
sunpobysans I, koepiyicnm po3nooiny meniosux HOMoKie, Menio8a Mooeb.



